The community composition of pelagic copepods near Australia's North West Cape (218 49 0 S, 1148 14 0 E) was studied during the austral summers of 1997/98 and 1998/99. Most sampling occurred at a shallow (20 m) shelf station and a deeper (90 m) shelf-break station, though on four occasions a set of eight stations were occupied on a 36 km cross-shelf transect. During the El Niño conditions prevalent during the austral summer of 1997/98, episodic upwelling occurred causing intermittent high primary production. During the El Niño conditions of 1997/98, there was a little difference between stations in the spring (October -November), but communities differentiated later in the sampling season (December -February) with a more characteristic inshore community developing at the shelf station. In the La Niña conditions of 1998/99, the community at the shelf break was invariant, but the shelf community was mainly offshore copepods as a result of seasonal downwelling during the spring that was later replaced by an inshore community of more widely distributed species. Over 120 species of copepods were identified, of which the most speciose families were the Corycaeidae (22 spp.), Oncaeidae (.20 spp.), Paracalanidae (15 spp.) and the Oithonidae (11 spp.). Cross-shelf transects confirmed the existence of a distinct inshore community of copepods, dominated by small species of Paracalanidae and Oithonidae, and which was at least twice as abundant as those at the shelf break. In both summers, there was an onshore -offshore gradient in community composition, with the inshore stations characterized by small paracalanid and oithonid species.
oceanographic conditions is predicated upon a solid understanding of the ecology of the dominant species, which is true of the eastern Pacific because of the long history of zooplankton research in the region. In contrast, for the eastern Indian Ocean, the fauna is poorly known and there is very little known of the effects of climate-driven changes on oceanography.
Our present knowledge of the Indian Ocean copepod fauna is mainly derived from the early work of Scott (Scott, 1909) and Sewell (Sewell, 1912 (Sewell, , 1914 (Sewell, , 1929 , though there have been later descriptions of the copepod fauna in various provinces of the Indian Ocean (e.g. Tranter, 1977b; De Decker, 1984; Stephen, 1992; Gallienne et al., 2004) . All of these studies have employed plankton nets with mesh sizes of 200 mm or greater, which is consistent with the goal of quantifying mesozooplankton (200 -2000 mm) abundance. However, we now appreciate the important ecological role of small copepods in the zooplankton, particularly in the tropics (Böttger-Schnack et al., 1989; Hopcroft et al., 1998) . Studies on tropical plankton communities using finemesh nets have greatly increased our appreciation of the diversity within the copepod community-with many species having a total length ,500 mm, particularly in deeper waters (Böttger-Schnack, 1994 , 1996 . If small species are taken into account, the copepod community spans the arbitrary division between micro-and mesozooplankton communities, and this diverse fauna has a wide range of trophic roles. In addition, the increased biodiversity resulting from the use of finer plankton nets adds power to the interpretation of plankton communities as indicators of oceanographic change.
Australia's North West coast is unusual in having the only poleward-flowing eastern boundary current-the Leeuwin Current. The Leeuwin Current tends to suppress upwelling (Furnas, 2007) in contrast to other eastern boundary systems in which there is strong upwelling, such as off the coast of Peru. In the eastern Indian Ocean, the effect of El Niño is to weaken the Leeuwin Current, resulting in a thinning of the mixed layer, which brings nutrient-rich sub-thermocline waters into the euphotic zone. Because this cooler water does not breach the low-density surface layer, the North West Cape can be considered a cryptic upwelling system (Furnas, 2007) . As a result of the increased frequency of upwelling events, summer phytoplankton primary production in the area around Australia's North West Cape was 2 -4-fold higher during the 1997/98 El Niño than in 1998/99, when La Niña conditions prevailed (Furnas, 2007) . Despite this, differences in copepod production between the two regimes were unremarkable Duggan, 2001, 2003) .
This study is a prequel to our earlier published studies on copepod production and the role of copepods in the food webs of the region. Here, we consider the species composition of the copepod community in the vicinity of Australia's North West Cape during the austral summers of 1997/98 and 1998/99, restricting our study to the adult copepods that can be identified to species. Earlier accounts by Duggan, 2001, 2003) , , Meekan et al. (Meekan et al., 2003 and Sampey et al. (Sampey et al., 2004) provide summary information on the broader zooplankton community as sampled by our 73 mm nets. We have three goals in this study: (i) to fully describe the biodiversity of pelagic copepods in this area for the first time; (ii) to describe the structure of the copepod community; and (iii) to correlate changes observed in copepod community composition to the differences in climatic regime between these years.
M AT E R I A L S A N D M E T H O D S Study area
The oceanography of the area around Australia's North West Cape is complex, and we refer the reader to Furnas (Furnas, 2007) for a complete account of oceanographic conditions during the period of our study. Briefly, the southern oscillation index (SOI) is the best indicator of El Niño events in the Indo-Pacific. During our summer sampling period in 1997/98, the monthly average SOI was between 220 and 210, indicating strong El Niño conditions, and resulting in a weaker Leeuwin Current and shoaling of isotherms against the continental slope. During the La Niña conditions prevalent during our sampling period in 1998/99 (monthly average SOI between 10 and 13), cool (,248) water and the associated deep chlorophyll maximum remained below the shelf break, and there was no obvious upwelling. The low chlorophyll a, low productivity regime associated with the La Niña summer of 1998/99, is most likely the normal situation in these waters.
Plankton sampling occurred at a series of stations near North West Cape, Western Australia (Fig. 1 ) during the summers (October-February) of 1997/98 and 1998/99. An eight-station transect was established, extending from Station A (16 m water depth) within Exmouth Gulf to Station H (240 m) in the Indian Ocean. We sampled most extensively at two stations on this transect, designated "production stations", since they formed the focus of our concurrent studies of pelagic primary and secondary production Duggan, 2001, 2003; Furnas, 2007) . Station B (218 49.5 0 S 1148 20.3 0 E, water depth 20 m) is representative of coastal shelf waters and is generally well mixed and turbid. Station E (218 37.3 0 S 1148 9.5 0 E; water depth 90 m) is located on the adjacent continental slope and is stratified and more oceanic in character. Stations B and E were each occupied twice on each cruise, except during the February and November cruises in 1998 when inclement weather resulted in station E being occupied only once on each cruise. In spring and summer of each sampling year (October 1997 , January 1998 , October 1998 , February 1999 , we sampled all eight stations across the shelf, as part of concurrent sampling of juvenile fishes (Meekan et al., 2006) . These stations, designated "transect stations", were occupied over two successive nights for each sample set. 
Environmental data
CTD (Seabird SBE25, with Chelsea chlorophyll fluorometer) casts were made to near the bottom at each station. A synopsis of hydrographic structure based on the CTD casts is given in Sampey et al. (Sampey et al., 2004) and Furnas (Furnas, 2007) . Immediately thereafter, discrete water samples were collected using Niskin bottles from sampling depths spread throughout the water column and chlorophyll a samples taken from these were used to calibrate the in situ fluorescence data (Furnas, 2007) . Depth averages to a maximum depth of 60 m were then calculated for temperature, salinity, density and fluorescence.
Community composition
Zooplankton were sampled with vertical net hauls with a 0.5 m diameter net of 73 mm mesh fitted with a Rigosha flowmeter, from bottom to surface at shallow (,60 m) stations and from a depth of 60 m at deeper stations. Zooplankton community structure and total zooplankton biomass were determined by triplicate hauls at production stations during the day, and by single vertical tows at transect stations during the night. For all stations, each net sample was split into equal portions, one of which was preserved in formaldehyde for analysis of community composition and the other dried and weighed as an indication of total zooplankton biomass. In the laboratory, the preserved zooplankton sample was washed to remove formaldehyde and diluted to a known volume with water. A Stempel pipette was used to provide a known subsample that was then enumerated in a Bogorov tray under a wild stereomicroscope. Adult copepods were identified to species and sex, and their abundance calculated on the basis of the volume of water filtered by the net and the fraction of sample counted.
Data analysis-production stations
Differences in total copepod abundance, species richness and evenness (J 0 , Pielou, 1975) and differences in temperature, salinity, density, fluorescence and zooplankton biomass were tested by three-way, fixed-factor analysis of variance (ANOVA). Prior to analysis, data were tested for heteroscedasticity by Cochran's procedure (Winer, 1971) and, following analysis, homogeneous subsets were extracted for significant factors by Tukey's honestly significant difference (HSD) test (Zar, 1984) . Subsequently, total copepod abundances (m
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) were cube root transformed to ameliorate the effects of disparate copepod abundances and to stabilize variance. For individual species (n ¼ 136), daily means of cube root transformed abundance data were calculated at each station within trips (n ¼ 38), resulting in two replicates per station per trip with the exception of station E during February and November cruises in 1998 (see above). This data set was subjected to an unbalanced, three-way, fixed-factor MANOVA to test for differences in the composition and abundance of the copepod community between years (1997/98 and 1998/99), stations (B and E), months (October-February) and the various interactions of these factors using DISTLM (Anderson, 2004b) . DISTLM tests for the multivariate null hypothesis of no relationship between a data matrix and a design matrix which codes for a particular term in the model. This is achieved through multivariate regression analysis on a matrix of distance measure (McArdle and Anderson, 2001 ). The Bray-Curtis dissimilarity coefficient was used in this procedure as the distance measure and the critical probability level for significance testing was set a priori at 5%. The design matrices to test the various null hypotheses were created with XMATRIX (Anderson, 2003b) . Significant factors and interactions were investigated further by subjecting the principal co-ordinates from the Bray-Curtis distance matrix to canonical discriminant analyses (CDA; Anderson, 2004a, b) .
Indicator species for hierarchical sample groupings were identified using indicator species analysis (ISA) according to Dufręne and Legendre (Dufręne and Legendre, 1997) , in which an index is calculated as the product of relative abundance (specificity) and frequency of occurrence (fidelity) within each group. The hierarchical sample groupings were: all samples considered as a single group, two groups of samples, one for each year (1997/98 and 1998/99) , four groups of samples from each year by station combination (1997/98B, 1997/98E, 1998/99B and 1998/99E) and six sample groups identified by ordination procedures (1997 /98Spring, 1997 / 98BSummer, 1997 /98ESu, 1998 /99BSp, 1998 /99BSu and 1998 . The index distinguishes ubiquitous species that dominate many groups in absolute abundance from species that occur consistently within single groups but have lower abundance. Statistical significance of indices was tested by randomly reallocating samples (250 permutations) among groups at the various hierarchical levels (2 years, 4 year by station and 6 ordination groups) and comparing the observed value with the mean of the permutated values after conversion to z-scores (Dufręne and Legendre, 1997) .
Multivariate multiple regression procedures were used to determine the proportion of variation in copepod data explained by all physical (temperature, salinity, density) and biological variables (Fluor-chl, total zooplankton biomass) considered together after taking into account the time of sampling and the distance offshore as covariables (DISTLM, Anderson, 2004b) .
Though total zooplankton biomass is not strictly independent of copepod abundance, the contribution of adult copepods to total plankton biomass is small. Regression procedures were also used to determine the relationship between species data and individual variables (DISTLMforward, Anderson, 2003a) . Again, the Bray -Curtis dissimilarity coefficient was used as the distance measure and the critical probability level for significance testing was set a priori at 5%.
Data analysis-transect stations
Copepod species data (fourth root transformed) from the four complete Exmouth Gulf transects (October and January during the 1997/98 sampling season and October and February during the 1998/99 sampling season) were subjected to a classification analysis (BrayCurtis association measure and unweighted pair group method with arithmetic mean-UPGMA-fusion strategy) to look for those factors which had the greatest influence on community structure. All summer samples from stations A to D separated at a high level of dissimilarity from all samples from stations E to H and those from A to D collected in the spring. The inshore (A to D) summer cluster disassociated into smaller clusters based on year of sampling, thus suggesting that the location (inshore or offshore), season (spring or summer) and year (1997/98 or 1998/99) were all influencing community structure. For subsequent analyses, data were amalgamated into these group combinations.
The data set was then subjected to a balanced, threeway, fixed-factor, multivariate analysis of variance by permutation (PERMANOVA, Anderson, 2005) to test for differences in the composition and abundance of the copepod community between years (1997/98 and 1998/99), between sampling locations (inshore and offshore), between seasons (spring and summer) and all higher level interactions of these factors. As with the analyses of data from the production stations, the BrayCurtis dissimilarity coefficient was employed, the critical probability level was set at 5% and significant factors were investigated further by a posteriori CDA.
R E S U LT S
We identified 60 species of calanoid copepods, .57 cyclopoid copepods and 5 harpacticoid copepods (Table I) . Amongst the calanoids, the family Paracalanidae was the most speciose (15 spp.). Calocalanus spp. were normally damaged to the point where we could not routinely identify species in the sample counts. The genus Paracalanus is in need of taxonomic revision-here we follow Sewell (Sewell, 1929) in recognizing two forms of P. aculeatus (f: minor and f: major), and have referred our most common (Farran, 1911) Continued
representative of the genus to P. indicus, following Bradford (Bradford, 1978) . The morphological characteristics of our material are consistent with the taxonomic literature, but the variation in size and body shape evident in material from Australian waters hints at more complex taxonomy and the presence of sibling species. Our material of Delius sp. matches neither of the two described species of the genus. We have followed Boxshall and Halsey (Boxshall and Halsey, 2004) in regarding the Poecilostomatoida as belonging within the Cyclopoida, and in elevating the subgenera of Corycaeus to generic rank. The family Corycaeidae was the most speciose of the cyclopoid families (22 spp.), followed by the Oncaeidae (.20 spp.) and the Oithonidae (11 spp.). Our use of the 73 mm net resulted in our catching large numbers of small (,350 mm body length) species of the Oncaeidae closely related to Oncaea atlantica (referred to here as O. atlantica group, cf. and O. zernovi (O. zernovi group). The taxonomy of these groups is yet to be established. Moreover, our material of Triconia conifera has minor differences to material from other locations, and may justify specific rank. Our unidentified Oithona sp. is a currently undescribed species of Paroithona, a genus now synonymized with Oithona (Boxshall and Halsey, 2004) .
The Harpacticoida were represented in our samples by five genera. Taxonomic uncertainties within the genera Microsetella and Tisbe resulted in our making no attempt to identify the species within these groups.
Production stations
Total copepod abundance was significantly higher during the 1997/98 sampling season (P , 0.05, ANOVA). Samples from January 1998 at Station B had relatively high abundances of Oithonidae, Oncaeidae, Paracalanidae, Ectinosomatidae and Euterpinidae, whereas in November 1997 there were high abundances of Oithonidae and Paracalanidae at Station E (Fig. 2) . Species richness was significantly higher at station E (P , 0.05, ANOVA) but there was no difference between years. Evenness (J 0 ) did not differ significantly between years, months or sites (P . 0.05, ANOVA).
The most common copepods belonged to the genera Paracalanus, Clausocalanus, Oithona, Oncaea and Microsetella (Table II) . Paracalanus indicus was ubiquitous, occurring in 97% of stations.
Copepod communities differed between years, stations and months and there was a significant interaction between the factors of year and month (P , 0.05, MANOVA, Table III ). The CDA on the year by month interaction indicated the presence of a temporal trend during 1997/98 that was not apparent in the following year (Fig. 3) . The December 1997 and January 1998 cruises resembled all cruises from 1998/99, and were intermediate in a gradient between the October and November 1997 and February 1998 cruises.
Results from the CDA between years, stations and months (lumped into seasons to reduce clutter: spring, October and November; summer, December to February) emphasized differences between the 2 years A. D. MCKINNON ET AL. j NW AUSTRALIAN COPEPOD COMMUNITIES of sampling and highlighted the lack of any consistent spatial or temporal pattern in community structure (Fig. 4) . Corycaeus clausi, Oithona similis and C. subtilis were indicative of the first year of sampling whereas C. speciosus and Undinula darwini were indicative of the second (Table IV) . Temora turbinata and Oncaea spp. were indicators of Station B in 1997/98 but Onychocorycaeus agilis in 1998/99. However, at Station E in 1997/98 a diverse oceanic fauna prevailed which resulted in the identification of 10 significant indicator species, but only Calocalanus pavo, Farranula carinata and Agetus typicus were indicative of Station E in the following year. The CDA also showed that within the 1997/98 sampling season the greatest differences in copepod communities occurred between stations B and E during the summer with little discrimination between stations in the spring (Fig. 4) . During the summer, the inshore community at station B was characterized by Pseudodiaptomus spp. and T. turbinata, whereas the oceanic Triconia spp., Subeucalanus crassus and Acartia erythraea were indicative of the offshore community. In spring of 1997/98, the presence of Euchaeta marina and Ctenocalanus vanus at both stations B and E indicated the presence of the strong El Niño conditions prevailing at that time. In contrast to this pattern, the second year had large seasonal differences at inshore station B but virtually no seasonal differences at offshore station E. The community at station B in spring was characterized by a diverse range of oceanic and neritic species (Table IV) with no significant indicator species present in summer. As stated previously, station E in 1998/99 was characterized by Calocalanus pavo, F. carinata and Corycaeus typicus. Environmental variables (temperature, salinity, density, chlorophyll a and .73 mm plankton biomass) also showed interannual differences. Both salinity and biomass had heteroscedastic variance and could not be tested statistically for differences between stations in each year of sampling. Salinity was generally higher during 1997/98, especially during summer months at station B as a result of evaporation in the shallow waters of Exmouth Gulf, while net zooplankton biomass had peak values at station B during the summer of 1997/98 (Fig. 5 ). Temperature and density had significant year by location interactions (P , 0.05, ANOVA). Tukey's HSD a posteriori tests showed temperature at station E in 1997/98 to be cooler than other times and locations. As a result, density at station E in 1997/98 was higher than at station B in the same year, which in turn was higher than both stations B and E in 1998/99 (Fig. 5) . Chlorophyll a had a significant station by month interaction (P , 0.05, ANOVA). Readings at station B in October were higher than other months and higher than all values at station E (Fig. 6) . Multivariate multiple regression analysis of copepod abundance data on the physical and biological variables indicated that these explained a significant proportion (24%) of the multivariate variation in the copepod data even after spatial and temporal variability in sampling were taken into account as covariables in the analysis (Table V) . When each variable is considered individually, ignoring all others, only chlorophyll a did not show a significant relationship with the copepod abundance data (Table VI) . When variables are selected in a forward procedure, temperature explained the greatest 
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proportion of variability (13% , Table VII) . After fitting temperature, water density was most useful (11%) followed by chlorophyll a (4.7%), salinity (3.6%) and zooplankton biomass (3.7%).
Cross-shelf patterns
There was a cross-shelf pattern in copepod abundance on all four transects, with the shelf stations (A -D) generally having a 2 -4-fold higher copepod abundance than slope stations (E-H). The MANOVA produced high level interactions between season and year, and season and location (Table VIII) . The CDA (Fig. 7) indicated that the significant interactions were due to the copepod community from inshore stations in the spring of 98/99 being very similar to the offshore community at that time instead of forming distinct inshore/offshore communities as was the case for all other sampling periods. The CDA on transect stations is in general agreement with that on production stations: in 1997/98 the greatest 
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difference in communities occurred between inshore and offshore stations during the summer and, in 1998/ 99 the greatest difference occurred between spring and summer communities at inshore stations with virtually no seasonal difference at offshore stations. There were, however, some minor disagreements: the inshore station B community in the spring of 1998/99 was distinct in 3D space from that found at station E in that year and, the summer community at offshore station E was distinct from any 1998/99 communities. The inshore summer stations were characterized by small paracalanid species (Parvocalanus spp., Bestiolina similis, P. indicus), small oithonid species (Oithona simplex, O. attenuata, O. nana and O. rigida), as well as T. turbinata and Euterpina acutifrons. As was the case at the production stations, this inshore community had a strong effect on the ordination, with inshore communities during summer of both years showing similarities in composition. However, the greatest species diversity occurred at offshore stations especially in 1997/98. An oceanic group (1997/98SpOff ) formed at the opposite end of the ordination to the inshore stations, and was weakly allied with the shelf stations at this time (1997/98SpIn).
D I S C U S S I O N
The NE Indian Ocean is remote and poorly studied. The only other studies of coastal copepod communities from the region are from Exmouth Gulf (McKinnon and Ayukai, 1996) and from further south, in Shark Bay (Kimmerer et al., 1985) . Consequently, our study is the most complete account of the pelagic copepod community in the region, and taken in conjunction with previous studies of copepod growth and secondary production Duggan, 2001, 2003) provides insight into the ecology of the pelagic ecosystems of the area. Our study describes the copepod communities occurring within the top 60 m of a transect extending from the turbid, inshore waters of Exmouth Gulf as far as the 250 m isobath offshore. The sampling cruises occurred only during the austral spring and summer months (October-February), as these were designed to cover the period during which the recruitment of larval fishes occurred, most of which feed on copepods (Sampey et al., 2007) . However, a consequence of this discontinuous sampling design is that we have no knowledge of the plankton community composition in the area during the intervening months of AprilSeptember. Copepods make up as much as 80% of marine mesozooplankton biomass (Kiørboe, 1998) and the juvenile stages are major constituents of the microzooplankton. Despite this, few modern studies make any attempt to quantify the biodiversity within the copepods as a group. In our study, over 120 species of copepods occurred, compared with a total of 929 listed for the entire Indian Ocean, including the oceanic and deep water communities that are considerably more diverse (Razouls et al., 2005 (Razouls et al., -2007 . The only previous study to attempt to identify the community composition of pelagic copepods off the West Australian coast to species found 82 species, but again this study was confined to the epipelagic, since samples were taken to a depth of only 200 m (Tranter, 1977a) . That study was further offshore, along the 1108E meridian, and used Indian Ocean Standard Nets of 333 mm mesh which undersample many species of small copepods. Unsurprisingly, the fauna sampled by the coarse nets used by Tranter (1977a, b) was dominated by largebodied copepods, and there are only 25 species in common between that study and our own. On the other side of the continent, there are 204 copepod species known from the waters of the Great Barrier Reef , including the diverse offshore communities described by Farran (Farran, 1936) . Only 81 of those species are in common with the present study, but when the inshore communities of the Great Barrier Reef are compared with those of the present study there is a far greater degree of similarity-all species listed by McKinnon et al. (McKinnon et al., 2005) occurred in the present study, with the exception of Calanopia elliptica and Labidocera farrani.
The present study is unique in having addressed the biodiversity of the small-size component (i.e. those copepods not efficiently sampled with nets of .200 mm) of the Indian Ocean copepod fauna. In particular, the diversity within the Oncaeidae has not been previously addressed. Rezai et al. (Rezai et al., 2004) , who used a net with 140 mm mesh size, recorded only 5 oncaeid species in the Straits of Malacca, compared with our 16 species and 2 unresolved groups. Small species, such as the O. atlantica group (body length $250 mm), the O. zernovi group (body length $360 mm) and the genus Spinoncaea (body length $400 mm) are so tiny as to pass through all but the finest plankton mesh. Oncaeid copepods include a wealth of biodiversity. For instance, in the upper 1850 m of the Arabian Sea, Böttger-Schnack (Böttger-Schnack, 1994 , 1996 listed a total of 68 oncaeid species (including 6 identifiable and 44 provisionally identified species) and even in the less diverse microcopepod fauna of the Red Sea, the family Oncaeidae comprises 30 species and 4 unresolved groups . Oncaeids are most speciose in the mesopelagic (Böttger-Schnack, 1994 , 1996 , and our shallow sampling is likely to have missed species with greater depth preferences.
Copepod communities of the NW Cape area
Overall, differences we have observed in copepod community composition are subtle, which is unsurprising since our production stations were only 14 km apart, and there is strong physical forcing of the system. Many of the copepod species in our samples occurred throughout our sample series-P. indicus, P. aculeatus, Oithona nana, O. simplex and Microsetella spp. occurred in .80% of our samples. The dominance of Oithonidae and Paracalanidae (Fig. 2) is characteristic of the inshore tropical waters of Northern Australia (McKinnon et al., 2005; Duggan et al., 2008) . This pattern may be more general-the Paracalanidae were the dominant copepod family in Indian coastal waters (Stephen, 1992) though cyclopoid copepods were probably under-represented in that study as a consequence of the use of the Indian Ocean Standard Net (mesh size 333 mm) and larger calanoids (Eucalanidae and Calanidae) were a smaller proportion of our samples because of our use of finer mesh nets.
There was a little difference in community composition between Stations B and E in the spring of 1997/ 98, but as the summer progressed the copepod communities at each station differentiated into those characteristic of inshore and offshore environments (Fig. 4) . Cooler temperatures persisted at Station E throughout 1997/98, confirming the greater influence of oceanic water during this period (Fig. 5) ; correspondingly, temperature was identified as the most important determinant of community composition (Tables V-VII) . In contrast, differences in copepod communities between stations and months in 1998/99 were far less marked.
Results from the CDA on the significant Year by Month interaction term from the MANOVA on production stations (Fig. 3) further illustrated seasonal differences between years-communities in 1998/99 were similar to the summer communities of 1997/98 which showed differences between the months of sampling corresponding to a transition from spring to summer. Interestingly, at Station B in spring of 1998/99 the community was composed of species with strong offshore affinities-such as Corycaeidae, Clausocalanidae and Eucalanidae. This may be a result of the shoreward movement of offshore waters during winter downwelling, a trend confirmed by the affinity of the inshore and offshore communities in the Transect stations from this time (Fig. 7) . In 1998/99 summer communities at Stations B and E were composed of ubiquitous species, and our attempt to characterize these using ISA was unsuccessful due to the lack of distinctive patterns in species composition and low abundances. Copepod communities in the 1998/99 sampling season were in general characterized by low abundance (Fig. 2) , and were oceanic in nature, with small corycaeids, and warm water representatives of Clausocalanus predominating. Oceanographic conditions during this time were probably more representative of prevailing conditions for the area (Furnas, 2007) .
The physical oceanography of the waters surrounding NW Cape is extremely dynamic due to the strong wind field, impingement of large internal waves and the presence of near-shore complex eddy and counter-current scenarios generated by the movement of the Leeuwin Current. All of these factors in combination result in the coalescence of water from multiple origins. In this strongly advective environment, offshore water in our study is best regarded as indicative of Indian Ocean neritic water. Changes in copepod community structure can reflect changes in source waters (Morgan et al., 2003; Hooff and Peterson, 2006) . During January of 1998, plankton communities in the region were changed and copepod diversity lowered by the passage of Cyclone Tiffany, which had the effect of moving water from the North West shelf southward, carrying NW shelf copepod communities with it . Thus, our lower copepod abundances in 1998/99 probably reflect the greater influence of the Leeuwin Current. Accordingly, the multivariate regression analyses indicated that physical characteristics played a larger role in determining the community structure than did the biological (trophic) variableschlorophyll a and total plankton biomass.
The present analysis of copepod community composition suggests that year, season and location all affected the composition of the copepod community. Temporal differences in copepod egg production (McKinnon and Duggan, 2001 ) and copepod secondary production (McKinnon and Duggan, 2003) on the same cruises were weaker than those observed for community composition. In those studies, we concluded that the overall similarity in experimental results was attributable to two factors-firstly, that the dynamic physical oceanography of the region was contributing to our sampling different communities at different times at the same geographical location, and secondly that differences in feeding history of the animals used to start experiments may have had a strong influence on the experimental outcome. Though the comparison is confounded by differences in sampling strategy between studies, with shallow drift net samples taken for the experimental work and 60 m vertical tows used in the present work, we suspect that the large daily differences in primary production that were most marked in 1997/98 at Station E in particular (Furnas, 2007) may have influenced copepod production more than differences in community composition.
Analyses of copepod community structure based on the production stations and on the transect stations each support our interpretation of the composition of the inshore copepod communities that have formed the basis for a number of our recent studies (McKinnon and Ayukai, 1996; Duggan, 2001, 2003; McKinnon et al., , 2005 . The inshore copepod community of the tropical coasts of Australia is characterized by the dominance of small paracalanid copepods such as Parvocalanus crassirostris and Bestiolina similis, in conjunction with small oithonids such as Oithona attenuata and O. simplex and the harpacticoid Euterpina acutifrons. This community was best described by the analysis of transect stations, though the paracalanids were also selected as indicator species for Station B (Table III) . In other respects, there are some minor discrepancies between our analyses of production and transect stations, primarily originating from the increased influence of the oceanic stations F -H on the analysis of transect stations, and the strong loading of many oceanic species such as Oncaea spp. and Calocalanus spp. Transect stations were sampled at night-and the high loading of the vertical migrating Pleuromamma spp. in the oceanic 1997/98SpOff group may reflect this.
Response of copepod communities to El Niñ o
Two years of our study contrasted oceanographic conditions characteristic of El Niño and La Niña conditions. The 1997 El Niño was the largest on record (McPhaden, 1999) and resulted in episodic cryptic upwelling events and higher primary production during the 1997/98 sampling season than during 1998/99-these patterns have been described from the same cruises as the present study (Furnas, 2007) , and place our results in the context of climatically forced oceanographic conditions. Furnas (Furnas, 2007) has pointed out that the oceanographic response to the El Niño conditions of 1997/98 at NW Cape were a "mirror image" of those observed off western North America. Our data add to that conclusion, with the upwelling conditions of the El Niño year (1997/98) characterized by cooler temperatures , higher primary production (Furnas, 2007) and higher copepod abundances (this study- Fig. 2 ). In contrast, during El Niño conditions on the Oregon coast water temperatures are higher and copepod biomass lower (as a result of the decreased abundance of the dominant species), and copepod communities are changed as waters characterized by subtropical species displace northward those containing boreal species (Peterson et al., 2002) . During the same period off Baja California, warm El Niño conditions resulted in the copepod community being dominated by subtropical and warm-temperature cosmopolites, and subarctic copepods were absent (Jiménez-Pérez and Lavaniegos, 2004) . El Niño conditions suppress upwelling on the continental shelf of Oregon, and result in higher species diversity (because of the movement of offshore waters shoreward) but lower copepod biomass; conversely, species diversity is lower and biomass higher during upwelling conditions (Hooff and Peterson, 2006) . In contrast, Hidalgo and Escribano (Hidalgo and Escribano, 2001) found that there were only minor changes in pelagic copepod community structure in El Niño and La Niña conditions in northern Chile, though species richness was higher in El Niño conditions, and the dominant species, Calanus chilensis, was more abundant and faster growing albeit achieving smaller body size (Ulloa et al., 2001) . In our study, there was no difference in diversity between years.
Despite the warming trend during the course of each summer, in 1997/98 Station E remained substantially cooler than during the summer of 1998/99, or Station B in both years (Fig. 5) . It is likely that this is a result of the episodic upwelling events occurring during this period Furnas (Furnas, 2007) . In our samples from the most intense upwelling period (1997/98Sp), Ctenocalanus vanus and Euchaeta marina were selected as indicators, though the 97/98ESu group also comprises oceanic species indicative of cooler than normal temperatures. Ctenocalanus vanus is a species that is characteristic of zooplankton assemblages in coastal upwelling zones, and indicated El Niño conditions in the northern California Current (Peterson and Keister, 2003) .
However, copepods that are indicators of upwelling regimes, such as Calanoides carinatus, are noticeably absent from our fauna, though this species occurs in offshore waters nearby (Tranter, 1977b) . The cryptic and episodic nature of the upwelling regime in the vicinity of North West Cape may account for this absence, though generally it appears that the species that occur within upwelling zones are also dominant in coastal zones uninfluenced by upwelling, and have life-cycle strategies that permit closure within those systems (Peterson, 1998) . In this sense, the dominant calanoid families in the region of North West Cape are those considered by Peterson (Peterson, 1998) to be preadapted to upwelling conditions when they occur.
C O N C L U S I O N
Copepod communities off Australia's North West Cape are dominated by small copepods, particularly those belonging to the families Paracalanidae and Oithonidae. Over 120 species have been recorded, many of which ( particularly in the family Oncaeidae) are new records for Australia. Changes in community structure between years characterized by El Niño and La Niña conditions are subtle but detectable. In contrast to the situation in the north east Pacific, El Niño conditions result in episodic cryptic upwelling, cooler waters, higher primary productivity and higher copepod abundances, there is no detectable change in species richness. Species associated with upwelling regimes, such as Calanoides carinatus are absent, but the dominant calanoid families in the area are those capable of responding to changes in primary production resulting from the higher frequency of upwelling events associated with climatically forced oceanographic changes.
AC K N OW L E D G E M E N T S
We wish to thank all involved in the North West Cape study, especially the crew of the RV Lady Basten, for their help at sea. Miles Furnas generously offered help and support at all stages of this work.
F U N D I N G
A travel award from The Commonwealth of Australia, through The Australian Academy of Science to DMcK enabled the taxonomy of Oncaeidae and facilitated the collaboration of RBS.
